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Abstract 
We report on the response to a 120 GeV proton beam of 9 cm² area and 5 mm thick scintillator tiles 
readout with an active area of 1 mm2 Hamamatsu MPPCs in pulse mode. The tile response is measured as 
a function of position and incident angle of a particle track determined with a silicon pixel detector. It 
shows that ordinary or flat tiles have peaked response while tiles with the photo detector side dimpled 
have uniform response. The beam test results are in qualitative agreement with Sr-90 radioactive source  
observations made with an MPPC in current mode.  
 
© 2011 Published by Elsevier BV. Selection and/or peer-review under responsibility of the organizing 
committee for TIPP 2011. 
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1. Introduction 
   Scintillator tiles read out via wavelength shifting (WLS) fiber connected to multi pixel photon counters 
(MPPC) are a proven technique for calorimetry. For instance the CALICE collaboration has successfully 
built and commissioned a 7608 channel scintillator based hadronic calorimeter [1] with the smallest tile of 
about 30x30x5 mm³ which is read out via grove imbedded WLS fiber connected to silicon photo detectors 
that were inside the volume of the tile. 
   An MPPC is made of an array of the pixels. Each pixel consists of a Geiger mode APD (avalanche 
photodiode) to which a quenching resistor is connected. The sum of the output from each pixel forms the 
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MPPC output. The MPPC has advantages such as low operation voltage and insensitivity to magnetic 
fields [2]. 
 
 
 
Fig. 1. The flat or ordinary tile is on the left, the dimple tile is on the right. The edges are painted in white reflective 
coating, the bottoms of the cells are covered with reflective material VM2000, and the faced sides are the photo 
detector sides. The tiles are 900 mm² in area. 
 
   WLS fiber absorbs scintillator light and transmits it to a photo detector. To get efficient light collection, 
one needs to make an appropriately optimized cross section shape and depth of grove in the scintillator 
for a fiber embedded in it. The fiber can be held inside the scintillator tile with a “key” shaped grove or 
with the help of glue. The glue has low radiation resistance and reduces transmition of light after 
irradiation. A fiber groove made in the surface configured like the shape of the Greek letter σ helps 
provide uniform light response to particles penetrating across the tile area. Machining grooves in the tile 
without melting scintillator is a real challenge. The melted surface of a groove reduces light output. After 
coating the edges of the tile with light reflective paint, both the top and bottom sides of the scintillator 
also need to be covered with reflective materials. 
   Collecting and transmitting light and uniformity of response are the major advantages provided by a 
properly grooved WLS fiber. With proper handling the fiber needs to be cut, the ends polished without 
“brooming” cladding, one end mirrored and UV protected. One also needs an interface between the end 
of the fiber and the photo detector active area.  Because the outer diameter of the fiber is about 1 mm and 
an active area of the photo detector is also about 1 mm², one needs to be very careful and accurate about 
fiber placement.  For the best response the fiber end has to be at a very short distance from the photo 
detector and it is sensitive to even a small lateral displacement. There is no loss of light if even a small 
photo detector not occupies the scintillator volume. The volume of an MPPC itself is small compared to 
the volume of an ordinary PMT but one connects it to scintillator tile with only 4.5 cm³ volume. 
   A finely segmented calorimeter is essential to implement particle flow algorithms (PFA). A detector 
optimized for PFA will consist of millions of channels. Construction and assembly of such scintillator 
based highly granulated calorimeter is a real challenge and can be substantially simplified without WLS 
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fibers, scintillator grooving, and detector interfaces. To simplify the assembly one can promptly place a 
photo detector on the scintillator. The resulting light response is not uniform. The light response is peaked 
just in front of the photo detector and very rapidly reduced farther from the photo detector. Recent 
observations with radioactive sources have shown that the major problem of the strong non uniformity of 
the light response across the tile area can be solved. We have previously reported that a photo detector 
side dimpled tile, shown in Fig. 1, provided highly uniform response when it was tested with collimated 
source Sr-90 and MPPC in a current mode [3]. If such  a “dimple” approach will be possible in a large 
scale, one will be able to avoid single tile production and assembly and rather instrument full electronic 
boards including photo detectors and then connect that board to the array of 4x4, 8x8 or so scintillator 
 
 
 
Fig.2. Schematic of the scintillator tiles and MPPCs beam setup within the middle compartment of the pixel detector. 
Note the MPPCs position on the tiles. 
 
tiles [3]. It seems that such an assembly can reduce labor, production time, and cost of full integrating 
readout layer. Now this approach has been proven with the high energy beam tests [4]. The major goal of 
this article is not the optimization of operating parameters of photo detector itself, but its response with 
scintillator tile. We need to collect light from scintillator tiles of about 900 mm² area using 1 mm² photo 
detector. While WLS fiber is a demonstrated solution, in this article we look out for, find, and test an 
alternate solution that does not use fiber and groove. 
2. Experimental Apparatus 
   For the test a set of two flat and two dimpled scintillator tiles with MPPCs (Fig. 2) were mounted 
between two silicon pixel detector stations (Fig. 3) all on the same beam line at the Fermilab Test Beam 
Facility (FTBF). The pixel detector has three modular compartments. The centre of the pixel detector 
established the origin of the axis with the z-axis along the beam line. Each end module houses two pairs 
of CMS pixels detectors [5]. The silicon pixel detector tracking area sampled only a portion of the beam 
spot. The corresponding tracking area at z=0 was approximately 2x2 cm². The pixel size was 100x150 
μm². The pixel detector used the CAPTAN read out system.  
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   The scintillators thickness was 5 mm. The flat tiles were made from extruded scintillator. The dimpled 
tiles were made from a cast scintillator (EJ200). The dimple has 3 mm depth, spherical in shape, and with 
a sphere radius of about 15 mm. A dimple depth of about 60% of the tile thickness was governed by the 
previous observations using a Sr-90 to study different geometries. Light tight holders were used for tiles  
 
 
 
 
Fig. 3. The test setup used the existing pixel telescope and scintillator trigger at the FTBF. The Detector Under Test 
(DUT) is the scintillator/MPPC assembles shown in Fig. 2. 
 
and MPPCs. As seen in Fig. 2, each MPPC was positioned at the centre of the tile side. For the dimpled 
tiles, the MPPC top was positioned at the level of the flat part of the tile. The MPPC holder was covered 
with Tyvek that has an opening for the MPPC window. The flat tiles were instrumented with Hamamatsu 
MPPCs S10362-11-050C and the dimpled tiles were instrumented with S10362-11-025C. The choice of 
MPPCs were defined by their availability at the time of the tests.  
 
   At the upstream end of the middle compartment of the pixel detector assembly a dimpled tile was 
mounted (UC), then the first flat tile (UF) followed by the second flat tile (DF) and a second dimpled tile 
(DC) at the downstream end (Fig. 2). The MPPC were powered and read out with the TB4 designed and 
built at FNAL to provide gain, shaping, digitization, and operating voltage. It digitally captures a 
waveform with up to 4000 samples per channel at a sampling rate of 212 MHz. 
 
   This setup was exposed to a 120 GeV proton beam with a spill duration of 4 seconds every 60 seconds. 
The beam intensity was a few thousand protons per spill. After triggering by the beam scintillator counter 
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mounted on the downstream end of the pixel detector, the CAPTAN and TB4 data acquisition systems 
independently collected data which were subsequently written to disk. About a million events were 
recorded. The individual event record contained a trigger stamp and a time stamp. The CAPTAN 
provided pixel hits and the TB4 provided digitized signals for each tile. The CAPTAN data runs were 
reconstructed offline producing event files with track information. In a final step, the tracking and the 
TB4 data were matched and merged on an event-by-event basis 
 
3. Data Preparation and Uniformity of Response 
 Fig. 4 shows a typical MPPC response (UF in this case) with the TB4 read out externally triggered by the 
pixels detector’s scintillator beam counter. The spectrum has been pedestal subtracted using the channel  
 
Fig. 4. Typical UF tile response during the beam tests. 
 
response outside the trigger window. The number of ADC counts in the interval between the 
photoelectron (PE) peaks is used as the channel gain. A fit to the full spectrum includes Gaussian 
distributions of the individual PE peaks multiplied by a Landau distribution convoluted with a broad 
Gaussian. The overall mean of the distribution is taken as the PE yield for a tile. The PE yields were 5.7 
for UC, 5.2 for UF, 4.8 for DF, and 7.3 for DC, with negligible statistical uncertainties. 
 
   The response as a function of the particle track position for all tiles with a beam at normal incidence is 
shown in Fig. 5. The proton impact position is indicated by the x and y axes coordinates while the 
response of the tile in PE is given by the z axis. The dimple tiles have relatively uniform response even 
near the location of the MPPC at point (0, 0). The flat tiles clearly have a peaked response at the location 
of the MPPC.  
794   F.Abu-Ajamieh et al. /  Physics Procedia  37 ( 2012 )  789 – 795 
   Data was also taken at angles of 0, 10, 30, and 40 degrees with respect to the normal incidence. This 
mimics the non-normal arrival of particles in a full detector system. At a larger incident angle the dimple 
tiles still have more uniform response than the flat tiles. As the tile is rotated, the response is growing 
with the effective length of the particle track, while for flat tiles the peak region is sampled differently.   
 
 
 
Fig. 5. The responses of tiles are shown on the elevation (z) axis as a function of particle track position (horizontal (x) 
and vertical (y) axes) at normal incidence. The tile centre and MPPC are located at (0, 0). 
 
4. Conclusions  
   The performance of scintillator tiles promptly readout by the photo detector was studied with high 
energy beam particles. Response depends on MPPC, tile, and the tile angle to particle tracks. It was 
expected from studies with a radioactive source that dimple tiles have uniform response compared to flat 
tiles. The beam test responses measured by triggering and tracking on single particle are in qualitative 
agreement with the responses to the different tile positions of the narrow collimated radioactive source Sr-
90 observed in measurements of the MPPC output current. Dimpled tile promptly readout with small area 
Hamamatsu MPPC offers advantages in design, production, assembly, labour, and cost savings for 
scintillator-based highly granular detectors that requires uniform response across the area of the 
scintillator. 
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5. Plans 
   Our current studies are focused on injecting molded polystyrene tiles with different dimple depths. In 
the molded tile a residual stress is always present. This stress modifies the optical properties of 
polystyrene and modifies the light response. During these studies the depth of dimple for molded 
polystyrene tiles has been optimized. The optimized depth of dimple for a single tile will be used in a 
mold for an array of four square tiles. 
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